Since the work of Inada and Ido 5 on hemorrhagic jaundice, and that of Noguchi on yellow fever, it is evident that the lower type of laboratory animal, namely, the guinea pig, is to be regarded an important host for even highly specialized parasitic microorganisms. The observations of Noguchi ~ on the effects of the virus of yellow fever in the guinea pig have shown that a detailed study of the temperature, the leucocytes, and the clinical phenomena, comprises in this animal an important basis for establishing the existence of infection. This class of observations may be regarded as having contributed to the discovery of Leptospira icteroides. While there is no intention of intimating that a leptospira may be the incitant of measles, it appeared to us that ff such phenomena could be induced in the guinea pig by the inoculation of measles virus they would provide a far more practical method of handling the experimental measles problem. The use of guinea pigs in experiments on measles has heretofore been limited, and the results have proved unsatisfactory for the reason that the obvious clinical effects looked for were not detected.
As Hektoen and later other investigators demonstrated the presence of the active agent of measles in the circulating blood during the height of the disease, we chose this medium as the virus material with which to attempt transmission to and propagation in the guinea pig. An abundance of material was available, as, during the months of December, 1920, and January and February, 1921 , an epidemic of measles prevailed in New Orleans, providing many suitable cases for observation.
w.XpERIME.NTAL.
The object of the experiments was the determination of the possibility of transmission of measles virus from man to the guinea pig. If transmission could be successfully accomplished, propagation of the virus by passage from guinea pig to guinea pig and a study of the s Inada and Ido, A report on the discovery of the causal organism (a new species of spirochmta) of Well's disease, Tokyo IjisMnshi, 1915 , No. 1908 . Inada, R., Ido, ¥., Hold, R., Kaneko, R., and Ito, H., The etiology, mode of infection, and specific therapy of Well's disease (spirochmtosis icteroh~morrhagica), J. Ezp. Med., 1916, xxiii, 377. e Noguchi, H., Etiology of yellow fever. II. Transmission experiments on yellow fever, J. Exp. Med., 1919, xxix, 565. effect of such passage on virulence, together with a study of the relative infectivity of the passage virus, were next to be attempted. Finally, the plan included the determination of the relative infectivity of blood obtained in various stages of the human disease; namely, prodromal, preemptive, eruptive, and convalescent.
The blood taken for clinical study was collected under aseptic precautions by means of all glass syringes, immediately placed in sterile flasks containing glass beads, and defibrinated by a rotary motion. Within 15 to 30 minutes after the blood was removed and defibrinated a part was injected into the circulation of the guinea pig. The animal inoculations were made by intracardiac injection of 1 to 2 cc. of material. The guinea pigs were anesthetized with ether and cardiopuncture was accomplished with a No. 24 gauge needle. In order to be certain that the inoculated blood was deposited directly into the heart chambers, removal of a small portion of blood was performed by syringe suction before the introduction of the infecting material.
The method of study after inoculation consisted in twice daily taking of rectal temperatures, daily counting of the total leucocytes, and close inspection of the animals for signs and symptoms of illness during a period of 5 weeks observation. Animals sacrificed at the height of the reaction and those dying subsequent to inoculation were autopsied and a gross and microscopic study of the tissues carried out. Cultures were made from heart's blood and internal organs to determine the presence of intercurrent infection.
The leucocytic count of normal guinea pigs has been made the subject of fairly comprehensive study. Thus, Bethe ~ gives the average number as 7,240 per c. nun., Kurloff 8 as 12,600 per c. ram., and more recently Bumett 9 as 10,897. Hussey 1° is in entire disaccord with ~Bethe, M., Beitr~ge zur Kentniss der Zahl-und Massverhiiltnisse der rothen Blutk~rperchen, Morphd. Arb., 1892, i, 207. s Kurloff, cited by Ehrlich, P., and Lazarus, A., Die An~emie, in Notlmagel, H., Specielle Pathologie und Therapie, Vienna, 1901, viii, 56. 9 Burnett, S. H., A study of the blood of normal guinea pigs, J. Med. Research, 1904, xi, 537. 10 Hussey, R. G., General leucocyfic response of the guinea pig during the reaction of artificial immunity in experimental tuberculous infection, J. Exp. Med., 1921, ~xili, 337. these investigators in that he gives 5,247 as the average count on an unstated number of animals.
We have not been able to find in the literature any extensive reference to the normal temperature limits of guinea pigs. We accordingly decided to construct curves of the rectal temperatures of these animals, in order to furnish a basis for the determination of pyrexia. The results show that the average temperature of the animals in our series, was I00.7°F., the limits being 100 ° and I01.4°F. In the main experiments, we disregarded as an elevation of temperature any reading below I02°F. The leucocytes for our series averaged 12,250, the limits being 10,750 and 13,750.
Experiment I (Preliminary
Experiment 2 (Prdiminary).--Since defibrinated blood from cases of human measles was to be injected into the circulation of guinea pigs, it appeared desirable to establish whether or not any reactionary objective signs, temperature increase, or leucocytJc changes could be induced by the injection of normal defibrinated blood. Accordingly intracardiac injections were performed on a series of fifteen guinea pigs, defibrinated blood from adults and children being given in quantities varying from 0.5 to 5 cc. Temperature and leucocytic curves constructed in Text- fig. 2 show the effects of these inoculations.
It thus appears that normal defibrinated blood when injected into the circulation of guinea pigs occasions no pyrexial reaction or leucocytic changes. Furthermore no objective signs of illness were to be noted in any of these animals. A number of guinea pigs were sacrificed at periods ranging from 7 to 20 days after inoculation and a histopathological study was made of the various organs. In no case were lesions discernible, except small localized areas of congestion and atelectasis in the lungs, to which we paid no special attention, for as pointed out by Maitland, Cowan, and Detweiler, n such changes are agonal and frequently occur following an anesthetic and death in the guinea pig.
Experiment 3.--The purpose was to determine whether the virus of measles could be directly transmitted from man and propagated in the guinea pig. Blood from seven different cases of measles in the eruptive stage of the disease was employed as the inoculating material. Six of the cases were children ranging in age from 4 to 10 years, and one was an adult. For each experiment of the series, six guinea pigs were used, four for inoculation and two for control. The test animals all received 2 cc. of defibrinated blood containing virus directly into the cardiac circulation, while the controls were given a like quantity of normal blood. In each instance the blood was cultured on ordinary media at the time of injection to exclude bacterial contamination. Of the twenty-eight guinea pigs injected with virus, twenty subsequently showed unmistakable reactions, alike in all respects, which could only be interpreted as indicative of transmission of the infecting material. The control animals remained normal throughout the entire period of the experiment. In generaJ, the effect of the blood containing virus upon the guinea pigs was characterized by a gradual rise of from 2-4 ° in the temperature, beginning on the llth to 14th days after inoculation, the animals in the interim remaining well to all outward appearances.
The average number of guinea pigs in each of the seven series that gave a definite reaction was three, or 75 per cent. Perhaps a greater percentage of the animals of this series reacted, but we considered as reactions only those which showed a rise in temperature above 102°C. Coincident with the temperature TzxT-FIo. 3. Temperature and leucocytic curves after inoculation of human measles blood secured at height of eruption. elevation the leucocytes dropped until a decided leucopenia, as low as 4,000 cells per c~mm. in a number of instances resulted. The fall in the circulating leucocytes was a more constant sign of the reaction than the temperature rise. While in the majority of the reacting anlmals the temperature rise occurred coincidenfly with the leucocytic drop, in six animals there occurred a well marked leucopenla by the 12th day with no coincident temperature rise. It is noteworthy that in the majority of the animals reacting there occurred an initial rise in the temperature on the 2nd or 3rd day after inoculation, unaccompanied by any fall in the leucocytes. This pyrexia was maintained only for a period of 24 hours and usually represented an elevation of I°F. At first we attributed this initial rise to the foreign protein inoculated; however, animals receiving normal blood showed no such rise, and we are unable at present to offer any explanation. Text- fig. 3 graphically represents the typical temperature and leucocytic changes induced.
In order to test the effects of relnoculation upon previously reacting animals six recovered guinea pigs were reinoculated with 2 cc. portions of blood secured from human cases of measles at the height of eruption; in none were further pyrexial or leueocytic cha~es noted (Text-fig. 4) .
A number of these animals were sacrificed when the reaction was at its height, and at autopsy the kidney invariably presented microscopic and often gross evidence of acute hemorrhagic nephritis. Blood was removed from certain animals of the series without killing them, and transferred to new guinea pigs for the purpose of virus propagation. Cultural control of the withdrawn blood, which was always carried out, proved negative in all cases for ordinary microorganisms.
E.~4ttt~t 4.--The purpose was to continue the propagation of the virus by passage from guinea pig to guinea pig. Blood of animals reacting to the direct transfer of measles virus from man was removed by cardiopuncture at the height of the reaction, defibrinated, and injected in Icc. quantities directly into the heart chamber of new animals. Seven different passage strains were used and four to six guinea pigs employed. With two strains the transfers were discontinued after the third generation, while with four others the passage was carried to the eighth generation. In these animals the proportion of reactions was greater than with those of Experiment 3. In some series all the guinea pigs reacted in a characteristic manner, in others only part. The reaction was identical with that observed in the direct transmission experiments. After an incubation period of 9 to I0 days there occurred a rather abrupt rise in temperature of 2-4°F. and a coincident fall in the leucocytes. The temperature remained at the peak for 2 to 3 days, gradually subsiding, and reaching normal on the 14th to 16th days after inoculation,
In this experiment it is noteworthy that a number of guinea pigs succumbed presumably as a result of the inoculated virus. Death occurred not infrequently in virus animals of the third generation. Such animals were visibly sick during the period when the reaction was at its maximum; namely, on the 9th to 14th days. They became listless, the hair milled, and they remained in the corner of the cage refusing food. Autopsies showed an acute hemorrhagic nephritis which was confirmed by microscopic study. Cultures from the heart's blood, kidney, etc, were always negative. Aside from acute congestion and slight parenchymatous changes, other organs showed nothing worthy of note. The lungs in no instance revealed lesions of any significance. Text- fig. 5 expresses graphically the propagation experiments with a typically reacting passage strain.
Exp~t 5.--Since we found that the guinea pig reacted specifically to the intrac~diac injections of measles virus, three series of experiments were carried out with a view of ascertaining the rdative period of infectivity of ~e human blood containing virus for the guinea pig. One series of tests comprised twenty-four guinea pigs which were inoculated by the cardiac route with 1 cc. of fresh defibrihated blood that had been secured 1 hour previously from four children exposed to measles by living in close contact with members of their family suffering from the disease. All these children showed 0.5°-I ° rise in temperature and some malaise, and two showed slight coryza. Clinic,~lly they were classed in the prodromal stage; later all these children developed measles. Subsequently it turned out that the blood was secured 60, 45, 40, and 26 hours, respectively, before the appearance of the eruption. A second series of twenty-four guinea Blood from case o~' haman measles (~3 --no reaction (~) = characteristic reaction . Showing the continued reaction in guinea pigs through eight successive generations for a single strain of measles virus. pigs was injected intracardia/ly with 1 cc. of defibrinated blood from four cases of measles in the preeruptive stage. These cases at the time of collecting the blood showed temperatures ranging between 99 ° and 100°F. and marked coryza, and two showed Kopliks spots. In this experiment the blood injected was withdrawn from the patients 36, 30, 16, and 12 hours previous to the appearance of the rash. The third series comprised eighteen guinea pigs which received 1 cc. of fresh defibrinated measles blood secured at periods from 24 to 48 hours after the full abatement of clinical symptoms. It is noteworthy that one of the bloods used was obtained from a case previously tested during the eruptive stage, and from which animal inoculations gave typical leucocytic and temperature reactions. Animals of Series 1, which were to test the infectivity of the blood in the prodromal stage of measles, did not show at any time an elevation in temperature or decrease in the leucocytes though observed daffy over a period of 5 weeks. The negative result in all these animals would indicate that the blood of cases of human measles is not infectious for the guinea pig during the so called prodromal period. As further indication that such is the case, some of these animals were subsequently inoculated with 1 cc. of blood containing virus secured during the eruptive stage, with resulting typical reactions. It is possible, though not probable, that the failure of the animals to respond was due to the small amount of the specific excitant which existed in the quantity of blood injected. We are inclined to believe, however, that the virus had not yet invaded the blood at this stage.
With the second series of animals, the purpose of which was to determine the infectivity for the preeruptive stage, very few reacted, and in none were the reactions very definite. In three out of a total of twenty-four there occurred a slight rise in temperature after an incubation period of apparently 2 weeks, but at no time was there an appreciable decrease in the leucocytes. Two of these animals, however, subsequently failed to react when injected with 2 cc. of blood secured from a human case at the height of eruption. This might be considered as acquired protection in the guinea pig produced by a previous infection. At any rate we conclude from this experiment that the blood of preeruptive cases of measles is not infectious for the guinea pig beyond 12 hours preceding the eruption.
In the third series, in which it was attempted to determine how long the blood of the convalescing human case remains infectious for the guinea pig, none of the eighteen animals inoculated with blood collected 24 hours after the temperature had reached normal, even though the rash was still discernible on the patient, reacted in a suggestive manner.
It would then seem that the infectious phase of the human, viruscontaining blood for the guinea pig has a range of approximately 54 hours. This time includes in man the latter part of the preemptive, and the early part of the temperature declining periods, in addition to the period of temperature height and full eruption.
Experiment 6 (Cultural).--We desire at this time to record very briefly the cultural experiments which were performed during the early part of this study. Blood from cases of human measles and from guinea pigs which had previously reacted to inoculation was defibrinated and cultured on a variety of media. For instance, aerobic and anaerobic cultures were made with red agar, chocolate agar, ootato blood agar, and Noguchi media both solid and fluid, as substrate. Quantities of blood varying from 0.1 to 1 cc. were used as the inoculating material, wlth incubation at various temperatures for periods ranging from 1 to 25 days. No macroscopic or microscopic growths could be discerned. On a number of occasions we encountered peculiar structures resembling somewhat in appearance the globoid bodies of Flexner and Noguchi. m We mention this purely for the sake of completeness, as for the present we are entirely disregarding them and are inclined to look upon them as colloidal aggregates.
SUMMARY.
In general it may be said that three striking alterations occurred constantly in the animals reacting to intracardiac injections of blood from cases of measles; namely, pyrexla, !eucopenia, and nephritis. The elevation in temperature usually began about the 9th day following inoculation, the rise being fairly abrupt from the normal to 104°F. and above, at which height it remained wlth slight fluctuations for 3 or 4 days, finally subsiding by lysis. During the period of fever, particularly in the animals of first transmission, often no objective signs of illness were to be noted, the guinea pigs remaining lively and eating as usual. When the animals showed any outward signs these were manifested by a loss of appetite, lusterless and ruffled hair, and indisposition to move even when disturbed. The typical exanthematous signs of human measles were not observed in any of the animals. In some there occurred a slight coryza and watering at the eyes; however, no special account was attached to these signs as they were rather indefinite and inconstant, especially for animals of first transmission.
Coinddent with the rise of temperature there always appeared a fall in the total leucocytic count; in some animals the drop in white cells preceded the rise in temperature by 2 to 3 days. The leucopenla, though well defined, varied for animals of the same series. In some the count was as low as 3,500 cells per c. mm.; in no case did we fail to note at least a moderate fall in the leucocytes. The average time for the appearance of this cellular change was 9 to 10 days following inoculation; in other words, the leucocytic reaction seemed to indicate the end of the incubation period. So constant and striking was the leucopenia that we stress this as the most significant feature of the reaction of the guinea pig to the injection of measles blood, particularly since normal blood produced not the slightest change in these Flexner, S., and Noguchi, H., Experiments on the cultivation of the micro8rganism causing epidemic poliomyelitis, J.. Exp. Med., 1913, x-viii, 461. :EXP~E~I"M'~.I',I'TAL lfl~ASI~S. I white elements. The greatest leucocytic depression was observed around the 12th to 14th days, which corresponded approximately to the stage of temperature peak. Following the leucopenia, the leucocytic rise was very gradual, taking on the average 8 days to attain the normal level.
The animals killed at the height of the reaction, or those dying presumably from the effects of the blood containing virus, showed as the most constant lesion gross evidences of acute nephritis. The kidneys in these cases were swollen, cloudy, and congested. In certain guinea pigs there were in addition well defined petechi~e and larger blood extravasations scattered throughout the cortical substance. In the animals dying after inoculation, the kidney alterations were found so constant and characteristic that we regarded them as a special index of the experimental infection. In these animals the hemorrhagic areas were not infrequently 2 to 5 mm. in extent, and when occurring on the surface of the organ produced a separation of the capsule. Occasionally free blood was noted in the pelvis, and in the absence of hemorrhage within the pelvic lining, we assumed that it came from the urirdferous orifices of the calices. Microscopically the kidney sections revealed evidence of acute hemorrhagic nephritis, the hemorrhages for the most part being related to the capillaries of the tufts and the tubules of the pyramids. In the most pronounced cases practically all glomeruli were affected. Every stage from marked dilatation of the capillary whirl to well defined intercapillary blood extravasations that often filled the capsular space, and in consequence partially or completely obliterated the glomeruli, were found. Whether a destruction of the endothelium occurred, could not be determined. The absence of a neutrophilic reaction was of special significance, these elements of acute inflammation being nowhere found associated with the kidney lesion. The blood in relation to the tubules commonly occurred in the lumen of the collecting tubules and in the form of red blood cell casts.
The spleen usually was found enlarged, particularly in the guinea pigs presumably dying as a result of the virus injections. Aside from the usual parenchymatous changes common to toxemias, the other internal organs showed nothing of special note.
COI~CLI~SIOI~S.
Guinea pigs react specifically to intracardiac injections of deftbrinated blood from cases of human measles.
There is a definite and constant rise in the temperature and a coincident decrease in the total number of leucocytes after an incubation period of 9 to 12 days.
The guinea pig reaction is produced with the human blood only during a certain phase of the disease, which period corresponds approximately to the eruptive stage. 36 hours prior to the eruption and 24 hours after the temperature is normal, the human blood gives rise to no reaction in this animal. The reaction follows with greater frequency in animals inoculated with measles blood obtained at the height of the eruption.
Guinea pigs which react and recover are not susceptible to reinoculation with measles blood if tested over periods of 2 weeks to 3 months after recovery.
Guinea pigs receiving normal human blood injected intracardially do not react with leucocytic or temperature changes.
The constancy of the reaction described leads us to conclude that propagation of the virus is obtained by passage of the blood from infected guinea pig to normal guinea pig; that such passage seemingly increases virulence, since a number of animals thus inoculated die during or subsequently to the peak of the reaction. Apparently death in these cases results from acute hemorrhagic nephritis. Ordinary intercurrent or secondary infection plays no part in these effects as shown by careful bacteriological examination.
Postmortem examinations of animals sacrificed at the height of reaction, and of animals dying, presumably, as the result of the specific infection, show an intense hemorrhagic nephritis, which is a constant pathological finding.
Attempts to cultivate the virus of measles so far have been unsuccessful.
A typical exanthem is not noted in the guinea pig following the intracardiac method of inoculation of human blood containing virus. Coryza and injection of buccal mucous membrane occur in some animals, but are so inc6nstant as not to be included by us as part of the specific reaction.
While the symptoms and lesions produced in the guinea pig are not entirely analogous to those in man, the constancy of a characteristic reaction after a definite incubation period, together with the successful reproduction of this reaction in subsequent guinea pig to guinea pig inoculations, indicates that the virus of measles is capable of being propagated in the guinea pig, and is pathogenic for this animal.
